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RELATED APPLICATIONS 
[0001] This application claims the benefit of U.S. Provisional Application 
No. 60/432,203 filed 11 December 2002, which is herein incorporated in its entirety by 
reference. In addition, this application is related to U.S. Application No. (not yet known), 
filed 10/14/03, titled "Sensor with Suction Cup Array Mount" <attomey docket number 

51004- US>, and to U.S. Application No. (not yet known), filed 10/14/03, titled 
"Colorimeter with Single Cable Low Impact Mounting System" <attomey docket number 

51005- US>. Each of these appUcations is herein incorporated in its entirety by reference. 

FIELD OF THE INVENTION 

[0002] The invention relates to colorimeters, and more particularly, to a colorimeter with 
optical geometry and assembly that provides high a signal-to-noise ratio (SNR). 

BACKGROUND OF THE INVENTION 

[00031 Colorimeters are accurate devices for measuring the spectral content of light 
emitted either directly or indirectly from a given source. Standards bodies such as the 
Video Electronics Standards Association (VESA) have been a driving force behind the 
development of colorimeter performance. The VESA 1.0 standard, for example, is 
primarily directed to specifying measurement of contrast ratio, and is limited to a no 
greater than +1-2 degree viewing angle fi-om the source to the sensor. 
[00041 However, typical devices being measured, such as computer displays, are actually 
viewed firom much greater angles than specified in the standards. To fiirther exacerbate 
this situation, the degradation of spectral parameters that occurs with increased viewing 
angle, does not occur equally for all colors. Such incompatibilities have yet to be resolved 
or otherwise addressed. In addition, early devices developed under the standards were 
relatively costly. Such devices typically employ highly accurate measurement optics. 
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Apertures have frequently been used in conjunction with lenses or other precision optical 
elements. Typical colorimeter configurations include a light sensing diode, and an integral 
lens that directs light to the sensor area. 

[0005] More recent developments have produced designs resulting in low cost 
colorimeters with performance characteristics approaching or exceeding professional 
quality required by the standards. Such newer designs generally employ basic aperture 
geometry, and either non-overlapping or overlapping spectral ranges / filters. One such 
design uses a unique aperture plate that has oblong holes, and is spaced between the target 
surface and the filter/sensor set. The resulting field of view is about +/-15 degrees or more 
on each axis. 

[0006] However, such a design does not correspond to the field of view of the human 
eye. Rather, it is about four times too large. Also, the position of the aperture plate is 
spaced from the target surface by a mounting distance that is typically defined by one to 
four (i.e., one at each comer of the colorimeter housing) relatively large suction cups. 
Such designs generally cause variations in the mounting distance due to leaking-based 
relaxation of the suction cups. 

[0007] This variation, in conjunction with a fixed-distance between the aperture plate 
and the sensor, causes the field of view to vary as well, and adversely impacts the accuracy 
of color measurements taken. 

[0008] In addition, colorimeter designs generally require alignment of the sensor to one 
or more optical paths. This alignment is typically provided by a secondary reference 
surface on the sensor diode. However, this sensor reference does not assure accurate 
alignment of the sensor in the plane parallel to the measured surface, and there is no means 
for locating the center of the senor lens to the center of the optical path. Such limitations 
contribute to undesirable decay of the SNR, as well as to inadequate color measurement 
accuracy. 

[0009] What is needed, therefore, is an improved colorimeter design having optimal or 
otherwise increased SNR, and that has a field of view that corresponds to that of the human 
eye. In a more general sense, there is a need for a colorimeter design for accurately 
measuring color from the likes of displays, CRTs, LCDs, and printed or pictorial materials. 
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BRIEF SUMMARY OF THE INVENTION 
[0010] One embodiment of the present invention provides a color sensing device for 
sensing light emitting from a target surface. The device includes a tube block having one 
or more filter cavities and corresponding light passages, as well as two or more alignment 
pins, thereby enabling a self-aligning fabrication process for the device. The device further 
includes one or more light sensors. Each sensor is configured with a bubble shaped lens 
and is adapted to detect light from the target surface. The device further includes a sensor 
locating element operatively coupled to the pins of the tube block. The sensor locating 
element has one or more lens alignment holes. Each hole is adapted to receive a 
corresponding one of the bubble shaped lenses, thereby aligning each sensor with a 
corresponding light passage of the tube block. 

[00111 The device may further include one or more light filters. Each filter can be 
placed in a conesponding one of the filter cavities, thereby providing one or more 
spectrally selective channels. Each spectrally selective channel can be designed to provide 
a pre-defined field of view between the target surface and a corresponding one of the light 
sensors. In one such embodiment, the sensor locating element is further configured with 
one or more crushable ribs proximate each alignment hole, thereby enabling maximum 
clamping pressure on each filter with minimum deformation of filter elements. Note that 
the one or more spectrally selective channels can be configured as non-overlapping, 
overlapping, and/or to enable tri-stimulus measurements. Further note that the field of 
view between each sensor and the target surface can be set to simulate the field of view of 
the human eye. 

[0012] In one such particular embodiment, each of the one or more light sensors has a 
planar locating surface that mates with a surface about a corresponding one of the 
alignment holes of the sensor locating element, thereby aligning a plane of the target 
surface and a plane of the sensors. In another such particular embodiment, each sensor has 
a surface that includes an inward dimple, and the device further includes a clamping block 
configured with one or more pressure bumps. Each pressure bump is adapted to engage a 
conesponding dimple, thereby further contributing to self-aligning qualities of the device. 
The device may fiirther include a lead frame PCB assembly configured with soldering 
points for electrically connecting the sensors, and aUgnment holes adapted to couple with 
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alignment pins of the tube block, thereby further contributing to self-aligning qualities of 
the device. 

[0013] Another embodiment of the present invention provides a color sensing device for 
sensing light emitting from a target surface. The device includes three or more light 
sensors, yvhere each sensor is configured with a bubble shaped lens and adapted to detect 
Ught from the target surface. The device further includes a sensor locating element having 
three or more light passages and corresponding alignment holes. Each hole is adapted to 
receive a corresponding one of the bubble shaped lenses, thereby aligning each sensor with 
a corresponding light passage. The device further includes a tube block operatively 
coupled in alignment with the sensor locating element. The tube block has three or more 
filter cavities and corresponding light passages, where each light passage is in alignment 
with a corresponding light passage of the sensor locating element. The device further 
includes three or more distinct light filter stacks including one or more filter elements. 
Each filter stack is placed in a corresponding one of the filter cavities, thereby providing 
three or more overlapping spectrally selective channels, with each spectrally selective 
channel designed to provide a pre-defined field of view between the target surface and a 
corresponding one of the light sensors. 

(00141 In one such particular embodiment, each spectrally selective channel is designed 
to provide a field of view between each sensor and the target surface in the range of +/- 5 
to 7 degrees. The three or more light sensors may include, for example, three light-to- 
frequency sensors (e.g., detecting emitted colors) for characterizing the target surface. The 
three or more light sensors may also include a light-to-voltage sensor for characterizing the 
target surface (e.g., detecting refresh rate) without the use of filters (without the use of 
filters). The sertsor locating element can be further configured with one or more crushable 
ribs proximate each alignment hole, thereby enabling maximum clamping pressure on each 
filter stack with minimum deformation of filter elements. 

[00151 The device may also include a clamping block configured with three or more 
pressure bumps adapted to apply clamping pressure to the sensors during assembly of the 
device. During final assembly of one such embodiment, a clamping screw travels through 
at the clamping block and sensor locating element, and threads into a clamping screw hole 
in the tube block at a pre-defined torque. Each sensor can be configured with an inward 
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dimple that is adapted to receive a corresponding pressure bump of the clamping block, 
thereby further contributing to self-aligning qualities of the device. The device may further 
included a sensor shield that is adapted to prevent extraneous light from corrupting 
measurement accuracy. 

[0016] Another embodiment of the present invention provides a method for fabricating a 
color measurement device. The method includes providing a tube block having one or 
more filter cavities and corresponding light passages, and two or more alignment pins, 
thereby enabling a self-aligning fabrication process for the device. The method continues 
with placing each of one or more filter stacks in a corresponding one of the filter cavities, 
thereby enabling one or more spectrally selective charmels. The method proceeds with 
placing a sensor locating element on the alignment pins of the tube block. The sensor 
locating element has one or more alignment holes each adapted to receive a bubble lens of 
a light sensor. The method continues with placing the one or more bubble lens light 
sensors on the sensor locating element, so that each bubble lens is received into a 
corresponding one of the alignment holes, thereby aligning each sensor with a 
corresponding light passage of the tube block. 

[0017] The method may further include torquing a clamping screw into the tube block so 
as to secure components of the device and to crush one or more crushable ribs proximate 
each alignment hole, thereby enabling maximum clamping pressure on each filter stack 
with minimum deformation of filter elements usmg one or more. The method may further 
include mating a planar locating surface of each of the one or more light sensors with a 
surface about a corresponding one of the alignment holes of the sensor locating element, 
thereby aligning a plane of the target surface and a plane of the sensors. 
[0018] The method may further include placing a lead frame PCB assembly configured 
with alignment holes on alignment pins of the tube block, thereby further contributing to 
self-aligning qualities of the device. In this particular case, the method may further include 
soldering leads of the sensors to contact points of the lead fi-ame PCB assembly after 
torquing of a clamping screw has secured components of the device. Performing soldering 
at this point allows the self-aligning qualities of the device to operate during the pre-solder 
clamping process. In the case where each sensor has a surface that includes an inward 
dimple, the method may further continue with placing a clamping block configured with 
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one or more pressure bumps on alignment pins of the tube block, so that each pressure 
bump engages a corresponding dimple, thereby further contributing to self-aligning 
qualities of the device. 

[0019] The features and advantages described herein are not all-inclusive and, in 
particular, many additional features and advantages will be apparent to one of ordinary 
skill in the art in view of the drawings, specification, and claims. Moreover, it should be 
noted that the language used in the specification has been principally selected for 
readability and instructional purposes, and not to limit the scope of the inventive subject 
matter. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0020] Figure 1 is an exploded view of a colorimeter configured in accordance with one 
embodiment of the present invention. 

[0021] Figures 2a-d illustrate a clamping block of the colorimeter shown in Figure 1 . 
[0022] Figures 3a-b illustrate a lead frame PCB assembly of the colorimeter shown in 
Figure 1 . 

[0023] Figures 4a-d illustrate a sensor of the colorimeter shown in Figure 1 . 

[0024] Figures 5a-f illustrate a sensor locating element of the colorimeter shown in 

Figure 1 . 

[0025] Figures 6a-b and 7a-b illustrate elements of a filter stack of the colorimeter 
shown in Figure 1 . 

[0026] Figures 8a-f illustrate a tube block of the colorimeter shown in Figure 1 . 

[0027] Note that the figures are presented to facilitate imderstanding and clarity of 

individual features, and are not necessarily drawn to scale. 

DETAILED DESCRIPTION OF THE INVENTION 

[0028] Embodiments of the present invention provide colorimeters capable of 
measurement of emitted light from sources that are static such as LCD displays, 
illuminated printed or graphic matter, and/or temporally active such as CRT displays or 
strobed printed and graphic matter. The assembly and configuration of the device operates 
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to maximize signal-to-noise ratio (SNR), as well as to provide an optimal field of view that 
simulates the field of view of the himian eye. Geometric elements and features of the 
device design, in conjunction with the assembly procedure, assure precise alignment of 
optical elements including sensors, filters, and other elements within the enclosure and 
optical path. 

[0029] One particular embodiment of the device is configured with a viewing angle or 
field of view (FOV) in the range of +/- 5 to 7 degrees. This FOV is near optimum for 
achieving the desired performance for the low cost colorimeter, and effectively matches 
the human eye field of view. A tube block element, which can be sized to fit into the 
existing products, has a number of light passage tubes, each tube having a diameter to tube 
length ratio that meets the +/- 5 to 7 degree requirement to achieve the desired FOV. The 
tube block can be molded from a material that minimizes reflectance of the tube walls, 
thereby preserving the selected FOV. 

[0030] In addition, the tube block is configured with guide pins and a number of filter 
stack cavities which allow for alignment of the sensors and their respective molded lenses 
to the center of the optical field. The device components, such as the sensors, filters, 
printed circuit board (PCB), molded tube block, housing, and other system elements can be 
assembled prior to soldering the sensors to the PCB. These self-aligning and pre-solder 
assembly qualities enable a significantly improved SNR relative to conventional devices 
e.g., four to five times higher). 

[0031] Crushable ribs can be employed during assembly to provide a compliance that 
both preserves filter integrity, while simultaneously providing adequate clamping force to 
hold system elements in place. The device is not affected by mounting compliance or 
other variable factors. The design enables different filter sets to provide overlapping or 
non-overlapping spectrally selective channels. In operation, the colorimeter characterizes 
the measured target surface as the human eye would see it, including both the human eye's 
color response and field of view. In the case of a display screen, the device can be 
configured to detect the type of display. Thus, a low cost high accuracy colorimeter is 
provided. 
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Colorimeter Architecture 
[0032] Figure 1 is an exploded view of a colorimeter assembly configured in accordance 
with one embodiment of the present invention. As can be seen, the assembly includes a 
sensor shield 5, a clamping screw 10, a clamping block 15, pin headers 20 and a 
corresponding PCB assembly 30, a number of sensors 25a-b, a sensor locating element 35, 
a number of filter stacks 40, and a tube block 45, Other components and features, such as 
a dust cover, cabling, and colorimeter circuitry, may also be included in the design as will 
be apparent in light of this disclosure. 

[0033] The assembly procedure will be apparent from Figure 1. Three filter stacks 40, 
each of which includes a glass layer 40a and three filter layers 40b-d, are placed in 
respective cavities of the tube block 45. Each cavity has a centrally located light passage 
that travels through the tube block 45 to allow intake of light from a target surface. The 
sensor locating element 35 is placed onto the tube block 45 via center guide pins to secure 
the filter stacks 40 in their cavities. The lead frame PCB assembly 30 is placed into 
position on the tube block 45 via a set of end guide pins. Three light-to-frequency sensors 
25a and a light-to-voltage sensor 25b are placed in their respective positions, so that the 
lens of each sensor 25 is received into an lens alignment hole of the sensor locating 
element 35, thereby enabling filtered light to be received via the corresponding light 
passage. The clamping block 15 is placed over the sensors 25 via the guide pins of the 
tube block 45. The clamping screw 10 is torqued to secure the assembly. The sensor leads 
can then be soldered to the PCB assembly 30. Note that fimctional testing of the device 
can be performed before and/or after the soldering (assuming the unsoldered leads are in 
proper electrical contact). The sensor shield 5 can be installed over and/or around the 
clamping block 15 to prevent extraneous light from entering the back of the device, which 
reduces measurement accuracy. Also, a removable dust cover (not shown) can be coupled 
with the target surface side of the tube block 45 to protect the device until its use. 
[0034] Each of the components and their respective features will now be discussed with 
reference to one of the more detailed Figures 2a-8f The example dimensions are in 
inches. Note that specific details (e.g., component features, dimensions, sensor type and/or 
shape) illustrated in these figures are included to provide a robust disclosure, and a detailed 
example embodiment. It is not intended, however, that the present invention be limited to 
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any one such embodiment or configuration. Rather, numerous such embodiments will be 
apparent in light of this disclosure. 

[0035] Figures 8a-f illustrate a tube block configured in accordance with one 
embodiment of the present invention. The tube block 45 can be a molded material having 
a low reflectance (e.g., black ABS/PC plastic), and effectively forms a base upon which the 
other componentry can be assembled. Figure 8a illustrates a top view of the tube block. 
Note the four numbered filter stack cavities 815, and the light passage 820 in each cavity. 
The filter stack cavities 815 of tube block 45 are adapted to accommodate a variety of fiher 
combinations within the filter stacks 40 to spectrally characterize each measurement 
channel. 

[0036] Note that the embodiment shown in Figure 1 has filter stacks 40 in three of the 
four cavities 815. The configuration provides three spectrally selective channels (over- 
lapping or non-overlapping depending on filter layers 40b-d), and a fourth voltage sensing 
channel (by virtue of sensor 25b). Further note the tapered clamping screw seat 825, 
which is unthreaded until clamping screw 10 is torqued into place. Also shown in Figure 
8a are a pair of center guide pins (in vertical line with the clamping screw seat 825) and a 
pair of end guide pins (in horizontal line with the clamping screw seat 825). 
[0037] Figure 8e illustrates a cross-section of the tube block 45 taken at A- A, and further 
demonstrates the relationship between the filter stack cavities 815 and their corresponding 
light passages 820. Also shown is an assembly fixture pin hole 830a. Figure 8d illustrates 
a cross-section of the tube block 45 taken at D-D, and shows the tapered nature of the 
clamping screw seat 825. Also shown is an assembly fixture pin hole 830b. The fixture 
pin holes 830 can be used to temporarily mount the tube block 45 onto the pins of a fixture 
during the assenibly process. 

[0038] Figure 8c is a bottom view of the tube block, and fiirther illustrates the assembly 
fixture pin holes 830a (in the horizontal plane) and 830b (in the vertical plane). Further 
note the four light passages 820 coming out the bottom of the tube block 45. This is the 
target surface side. The light passages 820 of tube block 45 each have an orifice diameter 
on the target surface side, and a length of each light passage 820 to the corresponding stack 
cavity 815 that is determined based on the orifice diameter to provide an optimal or 
otherwise desired field of view. 
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[0039] In the particular embodiment demonstrated in the figures, note that the diameter 
of the light passages 820 corresponding to the sensors 25a are set to achieve the desired 
FOV. The diameter of the light passage 820 corresponding to the sensor 25b, however, 
can be wider to ensure sufficient light is provided to sensor 25b to enable its proper 
function. 

[0040] Figure 8b illustrates a side view of the tube block. Here, the two end guide pins 
805, and one of the center guide pins are shovm. In this particular embodiment, note that 
the light passages 820 each extend fi-om the bottom of the tube block 45 by about .05 
inches. Such extensions can be used to provide a desired FOV and contact surface, while 
simultaneously allowing for a decrease in the amount of material required to fabricate the 
block 45. In alternative embodiments, the light passage openings are flush with the bottom 
of the tube block 45. Figure 8d is an end view of the tube block 45, and further illustrates 
the center guide pins 810, as well as one of the end guide pins and two of the extended 
light passages. 

[0041] Figures 6a-b and 7a-b illustrate elements of the filter stacks 40 in accordance with 
one embodiment of the present invention. In particular, Figure 6a is a top view of the glass 
layer 40a, while Figure 6b is a side view. Figures 7a and 7b, on the other hand, provide 
top and side views, respectively, of the filter layers 40b-d. In general, the three filter stacks 
40 are configured to pass a particular type of light (one or more colors). To that end, 
various filter combinations and filters can be employed from many different manufactures 
(e.g., Lee, Roscolux). 

[0042] The glass layer 40a of each stack can be, for example, a polished piece of 
blue/green infrared rejection filter glass. In one particular embodiment, the stack filter 
layers 40b-d are as follows: cavity number one - layer 40b is a rose filter, layer 40c is a 
Moroccan pink filter, and layer 40d is a medium amber filter; cavity number two - layer 
40b is a green filter, layer 40c is a straw filter, and layer 40d is a yellow filter; cavity 
number three - layer 40b is a mikkel blue filter, layer 40c is a slate blue filter, and layer 
40d is a lily filter. Note that there is no filter stack in cavity number four for this particular 
embodiment. It will be appreciated that any number of filters and stacks can be employed 
here, depending on the particular application. 
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[0043] This particular combination of sensors 25a and respective filter stacks 40 provide 
non-overlapping spectral responses (via three separate and distinct spectrally selective 
channels). These responses are adequate for providing data capable of translation into a 
standard coordinates system, such as CIE XYZ, CIE L* a* b*, or CIE Luv, as well as non- 
standard operable coordinate systems. Tri-stimulus colorimetric measurements 
applications are one such example. The number of spectrally selective channels can be 
varied depending on the particular application. 

[0044] In addition, other sensors types can be used to harvest other types of data, such as 
the light-to-voltage sensor 25b, which is used to determine voltage levels coming off of the 
target surface. Note that such a sensor does not operate in conjunction with a filter stack. 
Such optional sensors provide information that can be used to further characterize the 
object under test. In this particular embodiment, the light-to-voltage sensor 25b is used to 
detect the refresh or sweep rate of a CRT. Sweep rates can vary from one CRT to the next, 
and must be known to make accurate measurements based on information detected by the 
light-to-fi:equency sensors 25a. 

[0045] Note that an LCD has a DC source, and wouldn't require such a sensor. 
However, by detecting no voltage variation (no sweep rate), it could be concluded that the 
colorimeter is mounted on an LCD. Further note that, in a colorimeter used with OEM 
equipment, such as a known computer display (e.g., LCD, CRT, flat panel) or end user 
software which detects type of display and provides CRT refiresh rate, the sensor 25b 
would be optional. Other information that could be determined fi-om the sensor 25b 
includes, for example, diagnostic voltage profile information of the display under test. 
[0046] Figures 5a-f illustrate a sensor locating element in accordance with one 
embodiment of the present invention. In particular. Figure 5a is a top view of the sensor 
locating element 35, and shows the lens alignment holes 515 for each light passage. Note 
that each lens alignment hole 515 is shaped so as to snugly receive the lens of the sensors 
25. Also shown are the centered clamping screw hole 505, and two guide pin alignment 
holes located on a vertical line with the clamping screw hole. These guide pin alignment 
holes correspond to the center guide pins 810 of the tube block 45. This guide 
pin/alignment hole scheme enables a self-aligning fabrication process. 
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[0047] Figures 5b and 5c are side views of the sensor locating element 35, and further 
detail the shape of the lens alignment holes 515, light passages 520, and clamping screw 
hole 505. Also shown are the crushable ribs 525 and the sensor bump shelves 530. The 
sensor bump shelves 530 will be best understood after viewing Figures 4a-d, which 
illustrate a sensor configured in accordance with one embodiment of the present invention. 
As can be seen, the sensor includes a sensor lens 410, a planar locating surface 415, and a 
bump 420. 

[0048] These particular sensor features are part of the manufacturer's design, and are 
accommodated by the designated features of the sensor locating element 35. In one 
particular embodiment, sensors 25a are each a Texas Instruments TSL235 light-to- 
frequency converter, and sensor 25b is a Texas Instruments TSL250R light-to-voltage 
converter. These components have the same packaging as shown in Figures 4a-d. It will 
be appreciated in light of this disclosure that other sensors types, shapes, and 
configurations can be used here as well. 

[0049] In this particular embodiment, each of the four sensors has a bubble lens 410 that 
is snugly received into a corresponding sensor alignment hole 515. Also, the planar 
locating surface 415 of each sensor 25 is placed flush on the planar area about the sensor 
alignment hole 515 of the sensor locating element 35, thereby aligning a plane of the target 
surface and a plane of the sensors. In addition, the bump 420 of each sensor is 
accommodated by the corresponding sensor bump shelf 530. Thus, the sensor locating 
element 35 can be customized so as to accommodate any number of sensor components 
and packaging schemes. In addition, note that "bubble lens" or "bubble shaped lens" are 
intended to cover numerous protruding lens shapes, such as rounded, oval, square, 
triangular, rectangular, tube-like, or any shape that can contribute to a self-aligning 
fabrication process. 

[0050] Figure 5d is a bottom view of tfie sensor locating element 35, and shows the 
clamping screw hole 505, alignment holes 510, and the light passages 520. In addition, 
further details of the crushable ribs 525 are shown Figure 5d, as well as in Figures 5e and 
5f. In this case, the crushable ribs 525 are formed as a thin ring extending from the bottom 
of the sensor locatmg element 35 about each light passage 520. Once the colorimeter is 
assembled, the clamping screw 10 can be tightened, thereby causing the crushable ribs 525 
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to deform against their respective filter stacks 40. Thus, an acceptable degree of force is 
applied to the stack to ensure its positional stability, without damaging the elements of the 
stack. 

[0051] Other embodiments may have different crushable ribs 525, such as a plurality of 
crushable dots or ridges that extend from the bottom of the sensor locating element 35 

proximate each light passage 520. Alternatively, the crushable ribs 525a can be in the 
form of dashed lines or a semi-circle. Regardless of their shape, the crushable ribs 525 can 
be molded or otherwise formed as an integral part of the sensor locating element 35. The 
crushable ribs 525 mate with the glass layer 40a of each stack, and are of a determined 
compliance so as to accomplish sufficient clamping pressure without deforming the filter 
stack. 

[0052] Figures 3a-b illustrate a lead frame PCB assembly 30 in accordance with one 
embodiment of the present invention. As can be seen, the PCB assembly 30 has a pair of 
guide pin alignment holes 310 and a number of lead holes 315. This further contributes to 
the self-aligning aspects achieved the fabrication process of the device. The alignment 
holes 310 are adapted to receive the end guide pins 805 of the tube block 45. The lead 
holes 315 are adapted to receive pin headers 20, which can be used to mate the overall 
assembly to a main assembly. 

[0053] In addition, the PCB assembly 30 can include a PCB circuit layout having 
conductor runs and contact points to support the colorimeter circuitry and related 
electronics (e.g., components, wirebonds, and cabling). Thus, the PCB assembly 30 can 
have various circuit patterns and configurations. Factors such as the number of lead holes 
315 and whether the lead holes 315 are plated through will depend on the particular 
application and. PCB layout. In general, the lead frame PCB assembly 30 is designed so 
that it provides soldering points for electrically connecting the sensors 25a-b to the device 
electronics. 

[0054] Figures 2a-d illustrate a clamping block configured in accordance with one 
embodiment of the present invention. In particular, Figure 2a shows a top view of the 
clamping block 15. As can be seen, the clamping block includes two guide pin alignment 
holes 210 and a clamping screw hole 205. The alignment holes 210 correspond to the 
center guide pins 810 of the tube block 45, to further support the self-aligning qualities of 
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the device. The clamping screw hole 205 is counter-sunk and is adapted to receive the 
clamping screw 10. 

[0055] Figure 2b is a side view of the clamping block 15, and shows the counter-sunk 
nature of the clamping screw hole 205, and further shows pressure bumps 215. Figure 2d 
is a detail side view of the pressure bumps 215. Figure 2c is a bottom view of the 
clamping block 15, and shows additional details of the pressure bumps 215, of which there 
are four in this particular embodiment. The pressure bumps 215 are adapted to apply 
clamping pressure to the back of the sensors 25 when the clamping screw 10 is torqued or 
otherwise tightened in place. 

[0056] In one particular embodiment, the back of each sensor 25 includes an inward 
dimple that is adapted to receive a corresponding pressure bump 215. As the clamping 
screw is tightened, each sensor floats until the corresponding pressure bump engages, 
aligns (by operation of the bump/dimple combination), and secures the sensor 25 in place. 
After the clamping operation (e.g., torquing screw 10 into position), the sensor 25 leads 
can be soldered to the lead frame PCB assembly 30. 

[0057] Once the clamping process is complete, the sensor shield 5 can be added over the 
clamping block 15 and about the assembly to prevent extraneous light (light that is from 
sources other than the intended source) from entering the light passages on the target 
surface side of the tube block. In one embodiment, the sensor shield is implemented with 
black electrical tape (e.g., V/i inch wide, 8.5 mils thick, such as 3M Super 88 Etape). 
Variations on the shield will be apparent in light of this disclosure, such as a black rubber 
boot or other material that can shield extraneous light from the sensors 25. As previously 
explained, a dust cover can be fit over the target surface side of the tube block to block 
entry of dust and other contaminants into the sensor 25 area. 

[0058] Note that the clamping block 15 and the sensor locating element 35 can be 
fabricated in a similar fashion as the tube block 45 (e.g., a molded material having a low 
reflectance, such as black ABS/PC plastic). Further note that the overall assembly can be 
mated to a primary PCB which contains all ancillary circuits to accomplish colorimeter 
functions, such, as spectral measurement, spectral translations to standard coordinate 
systems, integration of samples, determination of display type, timing, and other required 
fimctionality. 
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[00591 The principles of the present invention can be employed by any colorimeter or 
similar sensing device. One such colorimeter design is described in detail in U.S. Patent 
Nximber 5,892,585, which is herein incorporated by reference in its entirety. Note that a 
number of software and firmware routines can be used to achieve optimum colorimeter 
performance. Example software, firmware, and circuit fimctions are also described in the 
5,892,585 patent. Generally, a colorimeter is designed to simulate the color response of a 
human eye. An RGB result is calculated based on the colorimeter channel outputs (e.g., X, 
Y,andZ). 

[0060] In addition, mounting techniques can be employed to fiirther improve the device 
performance, such as the mounting techniques described in U.S. Application No. (not yet 
known), filed 10/14/03, titled "Sensor with Suction Cup Array Mount" <attomey docket 
number SI004-US>, and in U.S. Application No. (not yet known), filed 10/14/03, titled 
"Colorimeter with Single Cable Low Impact Mounting System" <attomey docket number 
SI005-US>. 

[0061] The foregoing description of the embodiments of the invention has been 
presented for the purposes of illustration and description. It is not intended to be 
exhaustive or to limit the invention to the precise form disclosed. Many modifications and 
variations are possible in light of this disclosure. It is intended that the scope of the 
invention be limited not by this detailed description, but rather by the claims appended 
hereto. 
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